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Lactic acid is a widely organic acid that is used in several sectors in the textile, pharmaceutical and 
food industries, and about 90% of it is produced through microbial fermentation. This study aimed to 
optimize the composition of the fermentation medium through a variable Plackett-Burman 
experimental design for the production of L(+)- lactic acid by Lactobacillus rhamnosus ATCC 9595. 
Twelve tests were performed, and the eight factors that follow were evaluated: Tween 80, yeast 
extract, sodium acetate, CaCO3, glucose, MnSO4.4H2O, MgSO4.7H2O and K2HPO4. A kinetic study 
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was performed for each test, and the concentrations of pH, lactic acid, reducing sugar, and viable cell 
count were determined. Produced of lactic acid, glucose consumption, and the growth of each factor 
were calculated. CaCO3 had a positive and significant effect on the production of lactic acid and 
glucose consumption. Compared with the growth factor, the components of the fermentation medium 
which exercised positive effect on this variable are: CaCO3, K2HPO4, glucose, and MgSO4.7H2O. 
The highest concentration of lactic acid achieved was 46.8 g/L, with concomitant increase of 4 cycles 
logarithms of the microorganism. The use of the PB design proved to be useful for the selection of 
significant nutrients in the fermentation medium, which was used to enhance the production of L(+)- 
lactic acid by Lactobacillus rhamnosus ATCC 9595. 
 




O ácido láctico é um ácido amplamente orgânico usado em vários setores das indústrias têxtil, 
farmacêutica e alimentícia, e cerca de 90% é produzido por fermentação microbiana. Este estudo teve 
como objetivo otimizar a composição da fermentação média por meio de um projeto experimental 
variável de Plackett-Burman para a produção de ácido L (+) - láctico por Lactobacillus rhamnosus 
ATCC 9595. Foram realizados doze testes e foram avaliados os oito fatores a seguir: Tween 80, 
extrato de levedura, acetato de sódio, CaCO3, glicose, MnSO4.4H2O, MgSO4.7H2O e K2HPO4. 
Um estudo cinético foi realizado para cada teste, e as concentrações de pH, ácido lático, açúcar 
redutor e contagem de células viáveis foram determinadas. Produzidos de ácido lático, foram 
calculados o consumo de glicose e o crescimento de cada fator. O CaCO3 teve um efeito positivo e 
significativo na produção de ácido lático e consumo de glicose. Comparados com o fator de 
crescimento, os componentes do meio de fermentação que exerceram efeito positivo sobre essa 
variável são: CaCO3, K2HPO4, glicose e MgSO4.7H2O. A maior concentração de ácido lático 
alcançada foi de 46,8 g / L, com aumento concomitante de 4 ciclos de logaritmos do microrganismo. 
O uso do projeto PB é útil para a seleção de nutrientes significativos no meio de fermentação, que foi 
usado para aumentar a produção de ácido L (+) - láctico por Lactobacillus rhamnosus ATCC 9595. 
 
Palavras-chave: Lactobacillus, triagem, nutrientes, delineamento experimental. 
 
1. INTRODUCTION 
Lactic acid (LA) is a natural organic acid that has attracted a great deal of attention due to its 
versatile applications in the food, textile, chemical, and pharmaceutical industries (Abdel-Rahman, 
Tashiro and Sonomoto, 2013). The global lactic acid marketis expected to reach USD 3.82 Billion by 
2020 (Markets and Markets, 2015). This market expansion has primarily occurred due to the 
production of  biodegradable plastic and polylactide (PLA), which is a polymer of great technological 
interest because of its applications as a biocompatible material (Abdel-Rahman, Tashiro and 
Sonomoto, 2013).  
About 90% of all of the LA produced worldwide comes from a fermentative production 
pathway that occurs through the action of lactic acid bacteria (LAB) (Hofvendahl and Hahn-Hägerdal, 
2000). LAB is comprised of about 20 genera. The Lactobacillus genus is the largest among the genera 
that contribute to LAB, which are demanding microorganisms that require complex nutrients due to 
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their limited ability to synthesize vitamin B and aminoacids (Axelsson, 2004, Fitzpatrick and 
O’Keeffe, 2001).  
The development of an economic medium for the production of microbial metabolites requires 
the selection of sources of carbon, nitrogen, phosphorus, potassium, metals and the required nutrients, 
as well as the optimization of the concentration of each medium ingredient (Chauhan et al., 2007). 
Statistical methods can and should be used for culture media optimization (Rodrigues and Iemma, 
2014). 
Experimental planning is one of the techniques currently being used on a large scale. Through 
this method, the variables that exert the greatest influence on the performance of a given process can 
be determined, reduced process time, operational cost and process efficiency improvement (Calado 
and Montgomery, 2003). 
Plackett-Burman (PB) statistical planning is a factorial design that identifies the critical 
parameters required for the maximum production of a given compound, and is an important statistical 
tool for screening the main process components (Plackett-Burman, 1946). Following this, the 
variables that give significant responses are selected to optimize the fermentative conditions 
(Naveena et al., 2005). In this study, the nutrients for the fermentation medium were select using an 
experimental design PB for the production of L (+) – LA by Lactobacillus rhamnosus ATCC 9595. 
 
2. MATERIAL AND METHODS 
This study used the microorganism Lactobacillus rhamnosus ATCC 9595, a strain which was 
provided by the Oswaldo Cruz Foundation (FioCruz, Rio de Janeiro, RJ, Brazil). This microorganism 
was previously selected in Alves (2014) work by presenting good productivity of L (+)-lactic acid. 
 
2.1 MAINTENANCE, STANDARDIZATION, AND STOCK CULTURE 
The activation of the lyophilized Lactobacillus rhamnosus culture was started by transferring 
to a tube that contained 10 mL of Man, Rogosa, and Sharpe (MRS) broth, which was composed of  
20 g/L of  glucose, 10 g/L of  peptone, 5 g/L of yeast extract, 10 g/L of meat extract, 2 g/L of sodium 
acetate, 2 g/L of triamonical citrate, 1mL/L of sorbitan monooleate, 0.20 g/L of MgSO4.7H2O, 0.05 
g/L of MnSO4.4H2O, 2 g/L of K2HPO4, and 1 g/L
 of Tween 80 that had previously been sterilized 
through autoclaving (121 °C/15 min). The culture was then incubated at 37 °C/48 h (Axelsson, 2004). 
The stock culture was grown in MRS broth. After growth, the culture was centrifuged (Spinlab 
SL-5AM model) to 7.126 x g/5 min. A single mL of sterile medium was added to the pellet and stored 
under -20 °C for future use as stock culture. The preparation of the freeze medium was achieved by 
adding 0.5 g of  NaCl, 15 mL of glycerol, 0.3 g of yeast extract, and 0.5 g of bacteriological peptone 
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to 100 mL of distilled water. After homogenization, the pH was adjusted (7.2 – 7.4) using NaOH 0.1 
mol/L and the sterilized solution (121 °C/15 min) (Souza, Tebaldi and Piccoli, 2015). 
 
2.2 INOCULUM PREPARATION  
The inoculum was made from the Lactobacillus rhamnosus ATCC 9595 stock culture. A test 
tube containing 10 mL of sterile MRS broth was added to 1 mL of the stock culture and maintained 
at 37 °C/24 h. Subsequently, a 125 mL Erlenmeyer flask containing 50 mL of sterile MRS broth was 
added to 10% (v/v) of the inoculum (5 mL) and maintained at 37 °C. The absorbance value was 
evaluated in a spectrophotometer (600 nm) after 12 hours, and 1% (v/v) of the inoculum was 
transferred to an Erlenmeyer flask that contained 300 mL of the fermentation medium (Alves, 2014). 
The correlation between absorbance and the number of viable cells by the growth curves 
corresponded with a count of 108 – 109CFU/mL. 
 
2.3 SCREENING OF NUTRIENTS USING PLACKETT-BURMAN DESIGN 
The Plackett-Burman (PB) experimental design was used to verify the influence of the 
components that were added to the culture medium and to select the most significant variables that 
affected the production of L (+)-LA. The following eight factors, which had been adapted according 
to the composition described by De Man, Rogosa and Sharpe (1960) were analyzed: Tween 80 
(Dinamica®) , yeast extract (Himédia®), sodium acetate (Vetec®), CaCO3 (Scientific Exodus®), 
glucose (Vetec®), MnSO4.4H2O (Vetec®), MgSO4.7H2O (Vetec®), and K2HPO4  Proquímica®, 
according to Table 1. 
 
Table 1- Real variables analyzed in the Plackett-Burman design 12 (PB- 12). 
Variables -1 0 1 
X1= Glucose (g/L) 40 60 80 
X2= Yeast extract (g/L) 5 10 15 
X3= Sodium acetate (g/L) 0 1.0 2.0 
X4= K2HPO4(g/L) 0 1.0 2.0 
X5= MgSO4. 7 H2O (g/L) 0 0.10 0.20 
X6= Mn SO4. 4H2O (g/L) 0 0.025 0.05 
X7= CaCO3 (g/L) 0 15 30 
X8= Tween 80 (mL/L) 0 0.75 1.5 
 
All tests were performed in triplicate. The flasks were sealed with cotton wool and incubated 
at 37 °C. 15 mL samples were taken aseptically at time intervals of 0, 12, 24, 48, and 72 hours for 
kinetic study. A single mL was removed for cell counting by plating at times of 0, 24, 48, and 72 
hours. The samples were centrifuged (model FANEM Excelsa 206 BL II) to 2,260 x g/30 min, and 
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the supernatant was stored in freezing conditions (-5°C). pH value, LA content, and reducing sugar 
(RS) were evaluated. Air consumption and growth factors were calculated. After completing the PB 
experimental design, statistical analyses were performed using Statistica Software 8.0 at a 10% 
significance level (Statistica, 2008). 
 
2.4 ANALYTICAL METHODOLOGY 
All analyses were performed in triplicate, and the results were expressed as the mean and 
standard deviation of these values. The pH values were determined directly on the sample supernatant 
using a digital pHmeter (Tecnopon, MPA-210 model). According to Miller, the concentration of RS 
was determined using the acid 3,5-dinitrosalicylic acid method (DNS) (Miller, 1959).The 
determination of glucose consumption was calculated with equation 1, which considered the early 
RS concentration at the initial hour of  0 and the RS concentration at the end of 72 hours. 
 
Sugar consumption (%) =  
𝑅𝑆𝑖𝑛𝑖𝑡𝑖𝑎𝑙− 𝑅𝑆𝑒𝑛𝑑
𝑅𝑆𝑖𝑛𝑖𝑡𝑖𝑎𝑙
𝑥 100     (Eq 1) 
 
LA was identified and quantified by high-performance liquid chromatography using a 
Shimadzu chromatograph equipped with a positive polarity, a conductivity detector (CDD-6A), a pre-
column SHIM-PACK SPR-H (G) (50 mm × 7.8 mm), and two columns in the SHIM-PACK SCR-
102 H series (250 mm × 7.8 mm). The chromatographic conditions were as follows: 45 °C of oven 
temperature, a flow of 0.8 mL/min, a pressure of 102 kgf/cm2, isocratic mode with 20 μL of injected 
volume and 4 mm of  p-toluenesulfonic acid (pumb A), and bis-methane imino-tris with 4 mm of 
EDTA 100 mm (pumb B) were used as mobile phase both with a flow rate of 0.8 mL/min. The 
previously centrifuged samples were filtered through syringe filters (0.22 uM pore size and 25 mm 
diameter) and diluted with Milli-Q water before injection into the chromatograph. Quantification of 
LA was determined by comparison of retention times at peak and through analytical curve of LA 
(Sigma®) (Guimarães et al., 2016). 
The lactic acid bacteria count was performed using the pour plate method. The samples were 
decimally diluted in 0.1% of peptone water (w/v) at dilutions of up to 10-6, 10-7 and 10-8. 
Subsequently, the rates (one aliquot) of 1 mL of each dilution was distributed into Petri dishes 
(plates), and about 15 mL of MRS agar was poured over them and incubated in an environmental 
chamber at 37 °C for 72 hours. The plates that were considered for counting contained between 25 
and 250 CFU (Silva et al., 2010). 
The growth factor of lactic bacteria was calculated with equation 2. 
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                         (Eq 2) 
 
3. RESULTS AND DISCUSSION 
The influence of varying concentrations of CaCO3, K2HPO4, glucose, Tween 80, 
MgSO4.7H2O, MnSO4.4H2O, yeast extract, and sodium acetate on the production of L (+) - LA by 
Lactobacillus rhamnosus ATCC 9595 was studied using 3 central points and PB 12 design for a total 
of 15 tests. 
Table 2 presents the matrix of the tests with the actual values (in parentheses) and the studied 
coded variables mentioned above as well as the responses from the 90% confidence level, production 
of LA, glucose consumption and the growth factor of the lactic bacteria after 72 hours of fermentation. 
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The run 5 and 13, 14, and 15 (the central points) produced the highest levels of LA at values 
of 46.8 g/L, 40.4 g/ L, 34.6 g/L and 38.0 g/L, respectively.  The results of the regression analysis are 
presented in Table 3 with the effect values and the p-value of each variable studied in the fermentation 
medium for the production of L (+) - lactic acid. 
 
Table 3- Estimation of the effects of fermentation medium for L (+) - lactic acid production by Lactobacillus 
rhamnosus ATCC 9595. 
Variable Effects p-value 
Glucose (g/L) 5.5703 0.5395 
Yeast extract (g/L) 3.5107 0.6960 
Sodium acetate (g/L) 3.6946 0.6812 
K2HPO4 (g/L) 6.2982 0.4898 
MgSO4.7H2O 5.6846 0.5315 
MnSO4.4H2O -3.5935 0.6893 
CaCO3 19.3731 0.0643 
Tween 80 -0.3616 0.9676 
R2 = 0.5403 
 
In this study, it was observed that the most influential variable for lactic acid production was 
CaCO3, presenting a significant positive effect at 90% confidence, which means that when the 
concentration of this variable increases from level -1 to + 1, there is an increase in LA production. 
The same result was observed for the sugar consumption response (%), as shown in Table 4. 
 
Table 4- Estimation of the effects of fermentation medium in relation to glucose consumption for L (+) - lactic 
acid production by Lactobacillus rhamnosus ATCC 9595. 
Variable Effects p-value 
Glucose (g/L) -16.8839 0.2840 
Yeast extract (g/L) 12.8509 0.4050 
Sodium acetate (g/L) -3.0346 0.8395 
K2HPO4 (g/L) 13.1096 0.3962 
MgSO4.7H2O 14.0441 0.3656 
MnSO4.4H2O 19.0524 0.2326 
CaCO3 57.4101 0.0071 
Tween 80 0.9241 0.9507 
R2 = 0.7840 
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The consumption of glucose by Lactobacillus rhamnosus ATCC 9595 was higher during tests 
with fermentation media that contained between 15g/L  and 30 g/L of CaCO3 and was concomitant 
with the increased production of L (+) –LA that had been observed in the PB design tests. Figure 1 
shows the kinetic study of glucose consumption in each PB design test for the production of 
Lactobacillus rhamnosus ATCC 9595. It can be observed that almost all glucose was consumed by 
the microorganism in tests 7, 8, and 11. 
 
Figure 1- Glucose consumption of each CP treatment for L (+) - lactic acid production by 
Lactobacillus rhamnosus ATCC 9595. 
 
Penjin et al., (2015) used Lactobacillus rhamnosus to produce LA from Brewers´spent grain 
and a 2% w/v of CaCO3 in the fermentation medium reached a rate of 41.86% sugar consumption, 
which was higher than the test that did not use CaCO3 that was 3.77%. 
In order to simultaneously process saccharification and fermentation (SSF), Nakano, Ugwu 
and Tokiwa, (2012) studied the effects of NaOH, Ca(OH)2, and NH4OH as neutralizing agents for 
the production of LA from broken rice by Lactobacillus delbrueckii. According to the authors, the 
molarity of lactate in the fermentation medium was lower when divalent cations (Ca2+) were added 
as neutralizing agents. This process results in higher LA production efficiency than when monovalent 
cations, such as Na+ and NH3 +, are added as neutralizing agents. 
In their study, Chauhan, Trivedi and Patel, (2007) selected 15 components of the fermentation 
medium (NaCl, NaSO4, K2HPO4, KH2PO4, Tween 80, peptone, date juice, MnSO4.4H2O, 
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MgSO4.7H2O, FeSO4.7H2O, meat extract, yeast extract, sodium acetate, sodium succinate, and tri-
ammonium citrate) used a PB design, which was significant for its ability to produce LA 
Lactobacillus sp. KCP01. The significant variables of the study were NaSO4, K2HPO4, peptone, date 
juice, FeSO4.7H2O, MnSO4.4H2O, meat extract, yeast extract, and sodium acetate. Despite the CaCO3 
not be studied in the design, the authors found that pH control, which resulted from the CaCO3 that 
was added to neutralize the LA that had been produced during fermentation, generated significantly 
more LA (45.59 g/L) than the test without CaCO3 (16.5 g/L). 
Navenna et al., (2005) study produced different results by using a PB experimental design to 
select 15 parameters. This PB experimental design was significant due to its ability to produce L (+) 
– LA from wheat bran as a substrate for solid state fermentation by Lactobacillus amylophilus GV6. 
Using a buffer (CaCO3) and three physical parameters (pH, the amount of inoculum, and the 
incubation period), the authors evaluated 11 nutrients that belonged to the following two categories: 
nitrogen sources (peptone, meat extract, yeast extract, corn steep liquor, casein hydrolysate, and tri-
ammonium citrate) and mineral sources (Tween 80, MgSO4.7H2O, MnSO4.4H2O, NaH2PO4.2H2O, 
and sodium acetate). According to the authors, Tween 80, peptone, yeast extract, NaH2PO4.2H2O, 
and tri-ammonium citrate were each significant variables that could enhance the production of LA. 
The maximum concentration reached by the authors was 2.3041 g of LA per 10 g of wheat bran. The 
CaCO3 buffer proved not to be significant in the production of LA. 
For the growth factor of Lactobacillus rhamnosus ATCC 9595, independent variables with 
significant concentrations of CaCO3, K2HPO4, glucose, MgSO4.7H2O, MnSO4.4H2O, as can be seen 
in Table 5. 
 
Table 5- Estimation of the effects of fermentation medium on the growth factor of 
Lactobacillus rhamnosus ATCC 9595 for the production of L (+) - lactic acid. 
Variable Effects p-value 
Glucose (g/L) -16.8839 0.2840 
Yeast extract (g/L) 12.8509 0.4050 
sodium acetate (g/L) -3.0346 0.8395 
K2HPO4 (g/L) 13.1096 0.3962 
MgSO4.7H2O 14.0441 0.3656 
MnSO4.4H2O 19.0524 0.2326 
CaCO3 57.4101 0.0071 
Tween 80 0.9241 0.9507 
R2 = 0.7840 
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The studied components that had a significant positive effect of at least 90% significance were 
CaCO3, K2HPO4, glucose, and MgSO4.7H2O. This means that as the concentration of these variables 
increase, the growth factor of Lactobacillus rhamnosus ATCC 9595 increase as well. 
In Büyükkileci and Harsa (2004) study, they noted that KMnO4 was essential to Lactobacillus 
casei since the Mn2+ ion stimulated metabolic activity. Similarly, Peters and Snell, (1954) asserted 
that sodium acetate stimulated cell growth and thus indirectly influenced the production of LA. 
Regardless, MnSO4.4H2O and sodium acetate proved not to be significant in this study. 
LA bacteria are microorganisms that have complex nutritional requirements that include 
vitamins and amino acids that promote growth (Fitzpatrick and O’Keeffe, 2001, Oh et al., 2003). 
Sources of nitrogen are necessary for the synthesis of lipids, enzymes, amino acids, carbohydrates, 
and other substances (Coelho et al., 2010). According to Wood and Holzapfel, (1955), a source of 
nitrogen is the most influential factor in the growth of Lactobacillus. However, in this study, the yeast 
extract proved to be insignificant because it did not reach a 90% significance level on the growth 
factor of the investigated range. Some authors have reported that Tween 80 is responsible for 
increasing the growth of Lactobacillus sp. and the production of LA. As a result, they have presented 
in their compositions unsaturated fatty acids that are essential to the microbial metabolism of this 
genus (Hetényi, Németh and Sevella, 2011). All the same, the current study revealed that there was 
no significant effect of Tween 80 on the growth of Lactobacillus rhamnosus ATCC 9595. 
Figure 2 demonstrates the growth kinetics of Lactobacillus rhamnosus ATCC 9595 for each 
test during the 72 hours of fermentation. 
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Figure 2 - Growth kinetics of Lactobacillus rhamnosus ATCC 9595 for each PB test design 
during the fermentation process for the production of L (+) –LA. 
 
Test 5 showed the highest values for growth factor (1668) and the increased production of LA 
(46.8 g/L). In this test, the fermentation medium consisted of 30 g/L of CaCO3, 2 g/L of K2HPO4, 80 
g/L of glucose, 0.2 g/L of MgSO4.7H2O, and 15 g/L of yeast extract. During the fermentation process, 
an increase of approximately four log cycles (7.7 x 106  to 1.3 x 1010 CFU/mL) occurred. 
The test 2 (2 g L of K2HPO4, 1.5 mL of Tween 80, 80 g/L of glucose, and 15 g/L of yeast 
extract) showed a viable cell count after 24 hours (1.6 x 107 to 8.9 x 109 CFU/mL) and produced 3.3 
g/L of LA and test 12 (40 g/L of glucose and 5 g/L of yeast extract) showed no cell count after the 
addition of the inoculum and produced only 1.2 g/L of LA. In both tests (2 and 12), there was no 
addition of CaCO3 in the formulation of the fermentation medium. Pejin et al.,
 (2015) observed that 
the viability of the Lactobacillus rhamnosus cells at the end of fermentation was 105% higher with 
the addition of CaCO3 than the viability of these cells in fermentations without CaCO3. 
The pH value proved to be critical because the produced LA inhibited cell growth and product 
formation. By controlling pH with neutralizing agents, the effects of inhibition were either reduced 
or minimized (Oh  et al., 1995).  Figure 3 shows fermentations with pH that started between 5 and 7. 
 
Figure 3 - Evolution of pH among PB design tests during the production of L (+) - LA using 
Lactobacillus rhamnosus ATCC 9595. 
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According to Hofvendahl and Hahn-Hägerdal, (2000), the optimum pH range for the 
production of LA by the Lactobacillus species is between 5 and 7. While test 11, which contained in 
its formulation the highest concentrations of CaCO3 and K2HPO4, and tests 5, 7, and 8 the final pH 
between 4.5 and 5.5, the final pH for other tests were much lower and ranged between 3 and 3.5. 
According to Honorato et al., (2007), the addition of phosphate to a culture medium can increase 
microbial growth and maintains pH near the optimum value for growth, which allows for the 
completion of fermentation. 
The addition of neutralizing agents, such as CaCO3, can overcome the inhibition of LAB, and 
consequently, the production of LA, improving the efficiency of the fermentation process (Abdel-
Rahman et al., 2011a, b). 
 
4. CONCLUSION 
The PB design proved to be useful in the selection of significant components for the 
fermentation medium. For sugar consumption and the production of LA, the only nutrient that was 
statistically significant was CaCO3, which contributed to reductions in the inhibitory effect of LA by 
the microorganism Lactobacillus rhamnosus ATCC 9595 and promoted the increased production of 
LA (46.8 g/L). 
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